INTRODUCTION
Calcite in the cavities and veins of igneous rocks has long been recognized as an alteration by-product (Dana, 1892) . Elementary mineralogy textbooks report that the most common occurrence of aragonite is in the cavities of basalts and andesites (e.g., Kerr, 1977) . Therefore, it is not surprising to find both carbonate minerals in association with the moderately to extensively altered basalt flows recovered during deep sea drilling on Suiko Seamount in the Emperor Seamount chain (DSDP Leg 55, Hole 433C). The thickness and vesicularity of the flows, along with the presence of oxidized flow tops, indicate that the basalt erupted subaerially (Site 433 Report, this volume). The stable isotopic contents of the carbonate phases filling and lining the veins and vesicles denote the environment of alteration. An isotopic study was undertaken to secure supportive evidence for a subaerial period in the development of the seamount. Also, the subsequent alteration history after submergence may be interpreted from this isotopic record.
SAMPLE DESCRIPTION
Deep sea drilling at Suiko Seamount penetrated 387.5 meters of volcanic rock comprising more than 90 flow units. The basalts are 64.7 ± 1.1 m.y. old (Dalrymple et al., this volume) , and are capped by middle to upper Paleocene shallow-water sediments. Varying degrees of alteration occur in the basalt cores (Site 433 Report, this volume). Calcium carbonate is pervasive throughout, in association with the moderately to extensively altered rocks. Calcite and aragonite criss-cross the basalt as veins and partially or totally line and fill the vesicles. No evidence of infiltration by a biogenic carbonate is detectable. The carbonate is a precipitate, and often occurs in conjunction with a grayish green smectite. The minerals are all presumably the products of basalt alteration.
Visual descriptions of the studied carbonates are given in Table 1 . Also included in Table 1 are the results of X-ray diffraction scans between 20 values of 25° and 35°, which were completed to determine the carbonate mineralogy. Calcite, high-Mg calcite, and aragonite were recorded.
Micrographs from selected thin sections were made to illustrate the most prominent carbonate phases. Plate 1, Figure 1 shows subhedral crystals of aragonite. The clay mineral, probably smectite, is visible as rosettes of radiating needles positioned between the aragonite and basalt. The micrograph in Plate 1, Figure 2 shows a vein composed of fibrous calcite with the long axes of the crystals oriented perpendicular to the vein walls. Subhedral aragonite crystals grow along and away from the center of the vein. The aragonite appears to be replacing the fibrous calcite. Aragonite was identified using Feigel's solution (Friedman, 1971) , which stains aragonite black, leaving the other carbonate minerals untouched. Plate 1, Figure 3 is a micrograph of anhedral calcite from a blocky vein. With cross-polarized light, the vein filling appears to be radiaxial fibrous spar.
The precipitation of aragonite rather than calcite in the veins and vesicles of the basalt is probably a result of Mg ions inhibiting calcite formation (Bischoff and Fyfe, 1968) . Alteration of the basaltic minerals releases Mg ions to the pore waters. The inhibitory action of Mg ions could also explain the apparent conversion of fibrous calcite to aragonite (Plate 1, Figure 2 ). The association of crystalline aragonite with peridotite exposed on the ocean floor has previously been observed in dredge samples (Thompson, 1972) .
STABLE ISOTOPE ANALYSES
Calcium carbonate samples were collected randomly from the basalt sequence cored at Hole 433C, and were analyzed for their stable isotope content according to the traditional method utilizing the release of CO 2 gas (McCrea, 1950) . The gas was analyzed with a Micromass 903, a triple-collector mass spectrometer, and appropriate correction factors were applied (Craig, 1957 Figure 1 . Several trends are discernible in the stable isotope data. The high-Mg calcite sample (40-1, 80-82 cm) has negative δ 18 θ and δ 13 C ratios. The fibrous carbonate veins (10-3, 140-143 cm, 10-4, 53.5-56 cm, 10-4, 132-135 cm, 23-5, 145-146 cm, 24-1, 35-36 cm, 24-1, 41-42 cm, 27-2, 48-50 cm, and 27-3, 19-21 cm) have negative δ 13 C ratios, except for one sample (21-3, 63-64 cm), which has a positive value. The remaining samples of blocky carbonate and dog-tooth spar (10-3, 148-149 cm, 11-3, 25-30 cm, 11-3, 52-54 cm, 11-4, 86-87 cm, 20-2, 30-31 cm, 21-2, 84-86 cm, 24-1, 63-64 cm, 26-3, 101-104 cm, 31-2, 92-94 cm, 32-3, 78-80 cm, 33-2, 0-5 
DISCUSSION
The carbon-13 content indicates the source of CO 2 gas that is incorporated as carbonate ions into the crystal. Calcium carbonate precipitated in isotopic and chemical equilibrium with CO 2 gas is enriched in carbon-13 by 10°/ 00 (Emrich et al., 1970) . For example, the δ 13 C ratio of calcium carbonate precipitated in equilibrium with atmospheric CO 2 (-7.0°/ 00 ) at 20°C would be + 3.O%o. The CO 2 generated from the decomposition of organic material is significantly depleted in carbon-13. A contribution of the "organic" CO 2 to the carbonate precipitate diminishes its carbon-13 content. In a study of carbonate rocks from the Cambrian to Tertiary, Keith and Weber (1964) found that the average δ 13 C ratio for those of marine origin is +0.56 ± 1.55% O and that for those of fresh-water origin is -4.93 ± 2.75% 0 . The difference reflects the greater contribution of "organic" CO 2 to the latter.
The isotopic values of the carbonate phases analyzed for this study separate the samples into two categories according to their carbon-13 content, as shown in Figure 1 : 1) Negative carbon-13 ratios. Two types of samples contain negative δ 13 C ratios: the high-Mg calcite rosettes and the fibrous calcium carbonate (excluding Sample 21-3, 63-64 cm). These negative values are very strong indicators for an input of "organic" CO 2 . The high-Mg calcite (Sample 40-1, 80-82 cm) is the most likely to have had a fresh-water origin; both its carbon and oxygen isotopic contents classify it as a fresh-water carbonate, according to the scheme of Keith and Weber (1964) . The fibrous carbonates with more positive δ 18 θ ratios than the high-Mg calcite were probably formed in the shallow subtidal to supratidal to splash-water environments. CO 2 depleted in carbon-13 would be readily available from fresh-water runoff or near-shore organic activity. The formation of aragonite or calcite fibrous cements in limestone voids has often been placed in this environment (Wolf, 1965, and Krebs, 1969) . Also, the 111 meters of shallow-water sediments which overlie the basalt have a very homogeneous δ 13 C ratio of about + 1.0 ± 0.2°/ 00 (McKenzie et al., this volume genesis of this material occurred in intermediate marine waters after cessation of shallow-water sedimentation and subsidence of the seamount. For this reason, it is proposed that the alteration of basalt, which resulted in precipitation of the carbon-13 depleted carbonate, preceded the major subsidence. This could explain the input of "organic" CO 2 into the interbasalt carbonates, but not into the overlying shallow-water sediments.
2) Positive carbon-13 ratios. This second category of carbonates can be further divided into two types separated by a boundary lying between Cores 26 and 27, or approximately 336 meters below the sea floor. The carbonates above have relatively more positive δ 18 θ ratios, and those below have relatively more negative δ 18 θ ratios. The average δ 13 C ratio for both types is +1.2 ± 0.5% 0 , which is very close to the value for the overlying shallow-water sediments. Therefore, it is proposed that these carbonates result from the alteration of basalt after the onset of major subsidence of the seamount. The difference in the oxygen-18 isotopic compositions of the carbonates could have several origins, but is probably related to differing degrees of restriction of the pore waters. Submarine alteration of basalts to lowtemperature minerals depletes the oxygen-18 content of the water involved in the reaction (Lawrence et al., 1975 and Perry et al., 1976) . If the pore waters have restricted communication with open sea water, the δ 18 θ ratios of the carbonate precipitating from the isotopically depleted waters will mirror this diminution (Anderson and Lawrence, 1976) . Perhaps the pore waters had more restricted circulation through the lower basalts than through the upper basalts. This could account for the relatively more negative oxygen-18 values of the lower carbonate precipitates. Other explanations for depleted oxygen-18 could be the presence of fresh-water or hydrothermal fluids, but diagenetically altered waters appear to provide the most likely reason when the homogeneity of the carbon-13 values is considered. Also, solutions originating from the basalt alteration took part in the later stage diagenesis of the overlying shallow-water sediments, which were cemented by calcite and phillipsite (McKenzie et al., this volume) . This calcite cement has a slightly negative δ 18 θ ratio
CONCLUSIONS
The presence of carbonate minerals in association with moderately altered basalts is not unexpected. In his description of basalts drilled beneath the limestone on Eniwetok Atoll, Macdonald (1963) describes carbonate veins which appear to be very similar to those found on Suiko Seamount. In the case of Eniwetok, it was concluded that alteration of the basalt and formation of the veins must have occurred when the top of the basalt was only slightly submerged below sea level. Stable isotopic evidence indicates that alteration of the Suiko basalts began very early, perhaps, while the basalts remained subaerially exposed. The alteration continued with submergence and produced carbonate minerals whose stable isotopic ratios represent at least two stages in the subsidence history of the seamount: early, shallowwater and later, deeper-water environments. The data clearly demonstrate, along with the other evidence gathered by Leg 55 investigators, that Suiko Seamount underwent subaerial and shallow-water periods in its genesis. 
